Dual energy X-ray absorptiometry (DXA) has become the most common method for measuring bone mineral density (BMD) of small animals in metabolic bone disease research, and errors should be minimized in all procedures involved in research studies in order to increase the accuracy of the study results. DXA is simpler and rapid compared to micro-computed tomography for quantitative analysis of change in trabecular bone of test subject. In human research, measuring BMD is widely used; postoperative evaluation on orthopedic surgery, evaluation of osteoporosis medication in menopause and many other areas of study. For the study, the inspector should be trained by the equipment manufacturer regarding the utilization and analysis of the equipment and regular phantom testing should be conducted to ensure the stability of the equipment, and precision tests should be conducted to analyze the positioning and data analysis. They should also be familiar with the clinical trials and conduct studies based on the approval of the Institutional Review Board. In the absolute BMD measurement of the human body, it is necessary to apply and compare the position and condition, rotation degree, region of interest, and area of the scan in the follow-up test. In the case of small animals, animal selection, measurement and equipment should be modeled to match the research. Therefore, we would like to provide information for researchers to minimize the errors, effective data management and accurate data presentation. This article reviews the process of DXA measurement for research purpose including plan for DXA examination, BMD measurement in a human body study and small animal studies.
Introduction
Dual energy X-ray absorptiometry (DXA) is widely used method in research of bone disease in human and small animals. It is essential to minimize errors in every procedure during the scanning examination for more accurate result for the research.
One who performs the exam should be trained for utilizing the device and methods and techniques for acquiring and analyzing bone mineral density (BMD) scans. Also, they have to complete regular phantom test and precision test for positioning and data analysis.
Furthermore, it is necessary to follow general guidelines for clinical trials and instructions based on the research approval from Institutional Review Board (IRB).
For measuring human absolute BMD, proper scan position, degree of rotation, region of interest (ROI) and area should be maintained identically for serial follow-up exams.
In addition, studies using small animals have to be planned accordingly for research purpose by selecting proper animal, measurement method and equipment. Also in small animal research using DXA, quality control for animal condition and the equipment and processing thoroughly with acknowledging the check points in every step of the exam to minimize the errors; which can actually lead to confirm minor biological change statistically in the research.
Therefore, equipment quality control and precision test is basic principle for the research examinations.
DXA has become the most common method for measuring BMD of small animals in metabolic bone disease research [1e5] . DXA is simpler and rapid compared to micro-computed tomography (micro-CT) for quantitative analysis of change in trabecular bone of test subject. Also, DXA requires less radiation exposure and more cost effective [6e8]. In human research, measuring BMD is widely used; postoperative evaluation on orthopedic surgery, evaluation of osteoporosis medication in menopause or reduced hormone levels after gynecologic surgery, effectiveness of medication, diet supplement or exercise, body fat composition change after diet control and many other areas of study.
In clinical research of small animals or human studies, DXA is used for monitoring BMD changes after taking certain drug or diet supplement or postoperative changes. For using statistical data from several species of animals, it is able to monitor BMD changes throughout one's life cycle with lesser cost and less invasive by no need to harm the animals for data collection.
To monitor changes in BMD accurately, it is necessary to complete quality control on the safety, accuracy and precision of the equipment and perform accuracy measure of test method and data analysis ability of examiner.
These studies should verify the precision and accuracy of the diagnostic method before starting the study [3,9e11] . To monitor the change in BMD with minimal error, it is essential to prove the quality control to ensure the stability of the instrument and the ability of the inspector to analyze the test methods and results consistently.
DXA BMD measurement

Plan for research examination
For starting the research project, researcher should ensure that the technician who performs the exam to be trained about equipment operation and software analysis. Also, researcher should review quality control for the equipment, measure precision of the technician and check safely of the equipment to minimize measurement errors. In addition, designated researcher for clinical research using DXA should complete education from Centers for Disease Control and Prevention according to each institute's IRB regulation [12] . This subject corresponds to the content of the South Korea and may differ in other countries.
Importance of precision in research examination using DXA
The most important indicator in determining the objectivity whether the difference in BMD over time in individual subjects using DXA is precision. Thus, many factors, such as equipment and factors related to the examiner and test subject influence the accuracy in measuring bone density [13] .
Clinically, DXA bone density measurements require caution in object location and image analysis. Inadequately performed DXA analysis can lead to errors in diagnosis and treatment [14] . And in small animals, it can be more influenced by positioning error than in humans [15] . Therefore, it is particularly important in small Fig. 2 . TKRA (total knee replacement arthroplasty) preoperation evaluation example using dual energy X-ray absorptiometry. BMD, bone mineral density; BMC, bone mineral content.
animal studies to obtain high-quality images in a well-placed, consistent position. To improve the accuracy, proper quality control should be achieved by using a dedicated phantom (Fig. 1) . For each test, each subject should be able to reproduce the same posture, and it is advisable to record the relevant contents so that they can be applied to the follow-up exam. Finally, the results analysis using images should be an objective analysis (Table 1) .
Clinical study and IRB
Clinical studies are conducted to identify the clinical and pharmacological effects of the drug and to investigate the adverse reaction to establish the safety and efficacy of the drug or medical device used in the clinical trial.
IRB is an independent committee established within the research organization to protect rights, safety and welfare of trial participants by examines the clinical trial plan, plan for changes, and forms and information used to obtain written consent from the subject continuously. The person responsible for the research is who has entire authority and responsibility for conducting clinical trials at the testing laboratory and the researcher is a person who has proper education and training essential for clinical research and has adequate experience in the related field.
The clinical trial sponsor is the manufacturer of the drug or medical device which is responsible for the planning, administration, and financing, and the clinical trial entrustment organization is the individual or institute authorized by the sponsor [16, 17] . . TKRA (total knee replacement arthroplasty) postoperation evaluation example using dual energy X-ray absorptiometry. BMD, bone mineral density; BMC, bone mineral content. Fig. 4 . THRA (total hip replacement arthroplasty) postoperation evaluation example using dual energy X-ray absorptiometry. BMD, bone mineral density; BMC, bone mineral content.
BMD measurement in a human body study 2.2.1. Absolute BMD
DXA is used to measure the BMD of a specific location in the body skeleton. The soft tissue is excluded and the ROI of bone alone is used for the evaluation (Figs. 2e5) . Therefore, consideration should be given to the measurement of Absolute BMD in Table 2 .
In addition, it is necessary to repeat measurements on the same equipment and to compare and observe changes over a certain period of time according to the Standard Operating Procedure.
BMD measurement of central bone and peripheral bone
In case of Cohort studies, scans are achieved once per subject, but follow-up tests are required for long-term studies that require drug administration for a certain period of time or follow-up after exercise. During the follow-up scan, images should be acquired under the same conditions in the same position, and the same inspector is advised to be inspected on the same equipment. The analyzed output of the results should be comparable with the same area in the same ROI.
BMD measurement of small animal studies 2.3.1. Selection of animals used in the research
In 2017, the number of animals used in the laboratory in Korea increased by nearly 70% compared to 2012, with an estimated 3 million animals by Animal and Plant Quarantine Agency. Rats account for 70%e80% of them. Rats are widely used for experimental purposes since they are vertebrate and biologically similar to humans. In addition, they are easy to keep and breeding because they require only small space. In addition, the life span is about 2 years, therefore the generation increases rapidly, which makes the experiment easy.
The experimental animals have differenct characteristics (Table 3 ). Due to the relatively small body size of the mice, it is difficult to perform the same examination with the previous DXA scan after long time, and the error of the bone edge is uncertain due to the relatively low resolution of DXA [18] .
The study modeling of small animals is based on setting the similar conditions for small animals' breeding environment (photoperiod, temperature and humidity of the breeding room, food supply), and select the age and weight at the time of research examination. In addition, the test equipment and the inspector should be the same, and they shall be divided into a control group and a group to change the experiment condition.
Method of anesthesia and number of tests should be same for each group. After completion of the experiment, the schedule should be determined based on whether or not to sacrifice small animals and measurement of bone volume are to be performed after the study. Table 2 Considerations for absolute bone mineral density measurements.
Are the images before and after surgery scanned in the same position and condition?
Is the measurement part rotating the same? Is the region of interest the same and the same area? Is the inclusion of soft tissue the same? Gentle, easy to raise, highly prolific and easy to handle Surgery, circulation, neurophysiology, digestive studies, endocrine studies, respiratory, dental and urinary studies
Adapted from Ministry of Food and Drug Safety (Korea). 
BMD measurement of small animals
There are invasive and noninvasive methods in BMD measurements of small animals. In the invasive method, there is bone content measurement (ash content weight). Bone ash is a white particles obtained by burning animal bones without fat or colloid. Measurements of bone ash volume are done by measuring the weight and volume of the femur of the small animal, drying it at low temperature and then convert into ash in high temperature. After the process, we quantify the remaining inorganic substances.
Compared to the noninvasive method, the accuracy is comparatively high, but the process takes 5e7 days [19] . The noninvasive method is to measure the BMD, bone mass (bone mineral content, BMC), and muscle mass (lean), and fat by DXA scan using DXA, micro-CT equipment on live animals. BMD and BMC can be analyzed on specific ROI, and dual energy can be used to reduce the measurement error due to under measurement of soft tissue. Studies using DXA are also useful for verifying the effects of food or medicines on bone disease such as osteoporosis by analyzing BMD changes. Other benefits include cost effectiveness and less time consuming.
Selection of measuring equipment for small animal study
In general, DXA, which is the most suitable method for BMD measurement, is mainly used in small animal study [20] . Since Xray is used for the scan, resolution is good and it take less time with negligible radiation exposure (<3 mR) [21] . The device for measuring the spine and femur, which is the central bone, is Central device, and the device for measuring the peripheral bone is Peripheral device. Also, the animal BMD measuring device is called Small animal device and it is widely used in animal trials.
Micro-CT, which scans small animals in high resolution is easy to observe microstructure of living tissues because various functions of living organisms are closely related to their structures in medical and biological studies.
In addition, it is possible to visualize the progress of the disease and the treatment in noninvasive method during the life span of small animal without sacrificing the experimental animal. As bone structure can be quantified in three dimensions, it is convenient and accurate therefore it can analyze bone in 2 dimensions and Analysis of the images follows the manual of each equipment.
Table 6
Examples of mice positions in dual energy X-ray absorptiometry (DXA) measurements for research purpose. Included in the scan range/not overlap three dimension [22] . It is known that BMD, a conventional bone strength measure and micro-CT index are relevant. The relationship between histomorphometrical parameters and micro-CT index has also been suggested [23, 24] . Therefore, micro-CT can be used in many life sciences researches by accurate diagnosis of disease status such as gene expression and protein toxicity test and new drug development.
BMD measurement equipment used in small animal studies
In general, BMD equipment used in the study is typically dedicated to the characteristics of small animals (Fig. 6) . However, if there is a restriction on the use of dedicated equipment, additional software for animal scanning can be used in the center bone DXA equipment (Figs. 7 and 8) . However, DXA instruments for small animals have different specification by each company, changes in BMD trend can be confirmed but it is inappropriate to make comparison (Table 4) . Therefore, it is appropriate to use the same equipment when follow-up inspection is required.
Checklist for DXA BMD of small animals
In the case of DXA BMD measurement using small animals, it is necessary to check study animal, test equipment and examiner's checklist before, during, and after the test to minimize errors (Table 5 ).
Positioning of small animals in DXA BMD
The most common error in DXA measurements of small animals is derived from the positioning of small animals [3,9e11] . Therefore, standardization of posture during BMD measurement is required. For example, mouse is a small animal preferred for osteoporosis research because of its genetic, developmental, and biochemical similarity to humans and its response to hormones related to calcium metabolism is similar to that in humans [25e28] and the position of the head, spine, foot and tail should be established so that they can be examined consistently (Table 6 ). Measurements of length and weight are essential before measuring changes in body and partial bone density, since long-term measurements can vary significantly by size and weight than shortterm measurements.
Previous studies have reported that there is no significant difference in the precision of the positional change, except for the skull [24] .
Conclusion
The DXA BMD exam for the study is usually applied on human or small animals. It is important to minimize the errors caused by the condition of the equipment or the inspection and analysis of the inspectors, to detect incidence of small biological changes. Therefore, quality control of equipment and inspectors is essential. In long-term studies, the human body should be tested under the same conditions (same area). In case of small animals, follow-up tests should be performed considering development status, foreign body and test position for possible analyses of statistically significant results.
However, since bone density measurement using DXA provides results for areas other than volume, it should be considered that there is a difference from the actual BMD to apply to the research study.
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